


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 


DSpace Repository 


Theses and Dissertations 


1970-12 


1. Thesis and Dissertation Collection, all items 


A study of broadband hot-carrier diode mixers 


Guler, Ersin 


Monterey, California; Naval Postgraduate School 


http://ndl.handle.net/10945/15174 


Downloaded from NPS Archive: Calhoun 


ai | pune 
mM \ LIBRARY 


http://www.nps.edu/library 





Calhoun is the Naval Postgraduate School's public access digital repository for 

research materials and institutional publications created by the NPS community. 

Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 
appointed — and published — scholarly author. 


Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 


A STUDY OF BROADBAND 
HOT-CARRIER DIODE MIXERS 


By 


Ersin Guler 








United States 
Naval Postgraduate School 


A STUDY OF BROADBAND 


HOT-CARRIER DIODE MIXERS 


Ersin Gtiler 





December 1970 


This document has been approved for public re- 
Lease and sale; 4ts distribution 16 unlinited. 


T137ZERR 





A Study of Broadband 


Hot-Carrier Diode Mixers 


by 


Esai let 
Lieutenant (junior grade), Turkish Navy 
Baommaval fosveraduate School, 1970 


Submitted in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN ELECTRICAL ENGINEERING 


from the 


NAVAL POSTGRADUATE SCHOOL 
December 1970 





ABSTRACT 


A theory is derived for single diode, single-balanced, 
and double-balanced mixers. An interfering signal is as- 
sumed to be present in order to analyze intermodulation and 
eross—modulation distortions. 

Measurements are made in the 50 - 200 MHz range and 
elose agreement with the theory is found for conversion 
eae toamrcemenc in Ri and LO isolations is attributed 
Peomccuray Capacitances. It is also shown that circuit-board 
and transformer design greatly affects performance of a 
Mixer. 

A comparison of the single diode, single-balanced, anc 
Geuple—palanced mixers is given and it is indicated that the 


double-balanced mixer is superior. 
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I. INTRODUCTION 


A mixer is a network containing one or more nonlinear 
devices which combines two unrelated signals to obtain a 
tyra signal, at the sum or difference frequency. Mixers 
are extensively utilized in communication receivers and 
ieansmittpers, radars, and control systems. 

hreequenctes other than the sum and difference fre- 
quency are generated by the mixing action, and they are 
fale a spurious responses. It will be shown that spurious 
Gooapelses peherated by input (RF) and local oscillator 


(LO) signals are: 


where 
tf is the signal frequency (RF), 
- is the LO frequency, 


TiF is the intermediate frequency (IF), 


m,n are harmonic numbers of RF and LO 
frequencies. 

The desired output of the mixer occurs when m=n=1. 
Spurious responses occur at the frequencies for which m or 
n#1. The spurious responses can be reduced in number by 
means of selective circuits (filters) at the mixer output. 


A large signal, f close to signal frequency can 


led 
interact with the signal to produce third-order intermodula- 


PIOMmenNmaistortton at frequencies 2f,. + f. and 2f. if 


2 al al: le 
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aie fr, and r, oreworpitrarriy ellose To one another the third-— 


order IN signals are close to the input signal, f,; alae] tad 
Benerave frequencies within the filter bandwidth at the 
mixer output. The change in the amplitude of the interfer- 
moe Signal, L,> will also cross-modulate the output. 

Spurious responses and IM distortions can be reduced 
or completely eliminated by careful mixer design. There- 
fore mixer design becomes extremely important in high 
level signal environments in establishing receiver perfor- 
mamee. There is a need to design mixers with the widest 
DOessible dynamic range and low conversion loss. 

Nonlinear devices typically employed by mixers are 
woacuune tubes, Semiconductor diodes, bipolar transitors and 
Pees.) Ln this Study attention will be focused on passive 
broadband mixers using hot-carrier diodes. 

Piou—carr1erea lode FunNeLiOn consists of a metal and 
epsemiconductor ralher than two semiconductors with an 
eierey barrier, known as Schotty barrier, which occurs be- 
ealicemel tne Giiterence in the work functions of the two 
materials. The barrier is decreased by forward bias and 
increased by reverse bias, hence the barrier results in a 
PeGurivane  d1ode., in the forward bias condition the 
majority carriers (electrons) are injected from the semi- 
conductor to the metal in a very short time. The flow of 
ElerrolsseccUrs With Virvually no flow of minority carriers 
in the reverse direction. Consequently, the response to a 
Gramecewrs much faster than in p=n junctions. Therefore, 


MW@u-carrier Giocdes have higher frequency capabilities as 
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eompared tO p—-n junction and point contact diodes. Their 
improved electrical performance, low noise, and nearly ideal 
Siaracveristics result in high conversion efficiency making 
hot-carrier diodes superior to other nonlinear devices, 
eopecially in high Irequency mixer applications. 

ine single diode mixer, Figure la, has poor port-to- 
port isolation and does not offer any means of eliminating 
Spurious responses and IM distortions. Conversion loss 
oo) is higher compared to other configurations. 

The single-balanced mixer, Figure lb, has better iso- 
lation and conversion loss and removes the spurious responses 
mememaced by the even harmonics of the input signal. 

The double-balanced mixer, Figure lc, has even better 
isolation compared to the single-balanced mixer. A double- 
balanced mixer allows energy to be exchanged on a full-wave 
eyele rather than half cycle, therefore, offers higher ef- 
ifmecmeney and Tower conyersion loss. Spurious responses 
generated by the even harmonics of the signal and LO fre- 
quencies are eliminated. Thus the output ideally does not 
COmvain any third-order spurious responses, which are one 
Smeunewmost troublesome distortion terms in mixers. 

Layout becomes extremely important for both balanced 
Configurations especially at high frequencies. Nearly 
perfect balance can be obtained by symmetrical layout and 
using careful VHF construction techniques: short leads and 
short ground returns. Wide bandwidth is obtained by design- 
ing toroidal transformers with tight coupling between the 


Windings and carefully choosing the core material. 
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wneeretical analysis is given in Section II for the 
mixers in Figure 1. The circuits are designed and tested 
within the 50 to 200 MHz range in order to verify the theo- 
fetieal results. in the experiment two different core 
materials are used to demonstrate the importance of the 
choice. Low cost commercially available cores were used, 
therefore the bandwidth was limited. IM products are not 
measured because the spectrum analyzer used generates so 
meamy Spurious responses within itself, it is virtually 
mmpossibie to observe those of the circuits under test. 
Cross-modulation (CM) distortion is also not demonstrated 
because the low level output of the signal generators did 
neusproduce CM terms of sufficient amplitude for oscillo- 
scope viewing. <A comparison of the theory and experiment 
is given and advantages and disadvantages of the configura- 


bons and construction details are specified in Section III. 


M6 





IT. THEORETICAL ANALYSIS 


In the following discussion the performance of the 
Single diode mixer, single-balanced mixer, and double- 
Salanced mixer is given. In order to compare the behavior 
of the different configurations with respect to spurious 
responses, IM and CM distortions, an interfering signal is 
feeumed vo De present. For this comparison, a good under-= 
seanding Of the spurious response, IM and CM distortion is 
necessary. Therefore, the following definitions are given: 


pouUrTOUS responses occur al nf. WN Cor. or m7 1 


il 
eaewcan be reduced by biasing or mixer design. Therefore, 


emomas voltage, V is included in the analysis. 


b? 

IM responses are formed when the mixer is subjected 
to one or more undesired signals. Two or more signals and 
the LO signal can mix and produce IM responses at fre- 


quencies which are represented by any linear combination of 


tie Ihipus frequencies : 


= ap + = 
oR nf, a kf, + af, + a (it=1) 


Equation (II-1) accounts for IM responses in the mixer 
evo tee lwo Undesired Sifmals can mix and generate the de- 
sired signal due to the nonlinearities in the previous 
stages. This is also called IM response and named receiver 
ijwermodulabion. 

Cross-modulation response occurs when the modulation 


Om an undesired signal is transferred to a desired signal. 


ile 





Mets only modulation transfer rather than the frequency 
beans lation. 

IM and CM distortions cannot be eliminated by mixer 
design but IM responses can be reduced. Ideal transformers 


are assumed in this analysis. 


A. SINGLE DIODE MIXER 


iiewcutrreny 1 lowing through the diode in Figure la 


73 
mele. 47 
i age =) Grr?) 
inere , 
I, = Reverse saturation current of the diode, 
Vv = voltage across the diode, 
Gee selectron charce = 1.6x10719 coulombs, 
Me—nctoce st OeCality factor = 1,05 for the diodes 
Wsed, 
k = Boltzmann's constant = 1.38x10 °° Nou lecy ie 
and T = temperature in °K. 


To simplify the deviations a is defined to be, 


The voltage across the diode is: 


= + 
Vv vS cl V,cosw,ttV,cosw5t oe” 


ile toon, 


ee is the DC bias voltage, 


V5 and W, are the amplitude and frequency 
Of the input signal, 


lye 





VY. and w are the amplitude and frequency 
P P of the LO signal, 


Vs and W. are the amplitude and frequency 
of the interfering signal. 
Dice wulalalolmiers are assumed to be ideal, reflected 
impedances and transformer losses are not present. There- 


fore, 


or 


a. 
(V,tV, cosa, ttV,cosuattV cosa, t) 


dew. e -l 


Using the identity, 


COSG _ | 99 
e = eS I(x) cosré 


i (II-3) 


where, 
To.) ano T(x) are the Modified Bessel functions of 
moe first kind. 


i, 16 tound as follows: 


av, 
i, = r.{ e I (ov, I Cav5)I Cav.) 


ed (V5 a (aV he 1 I (av, )eosnw,t 


421 Ca, I (CoV) 241, (oV,) cosku ot 


+21 of avy )I, (aV., hae 1 mov p) cosmu,t 


Se ms 
Fel (av) 2 epi, (OV) 1, (aV,) cos(kw,tnw, )t 


i 





and 


t2I Cav il Above )I Cav, )cos (nw, mu) t 


adree 1 m= y 


Pelecan OV 5 Jah Cav, )eos (ku, tmw,)t 


Dk 1 m= yy! 


#221 x1 mer tn(eVy) 4, CoV a) 1 Cav) 


cos (nw, tkw,tmu,, eb \. Cue 


The complete derivation is given in Appendix A. 
The output voltage is 


iF Pat 


Vv 
Output at the IF frequency becomes 
aV 


b 


Vip = aR, 1. e I (av,)1, (av, 1, CoV, )cos(w, tw) t. 


if the interfering signal is not present, then 
Ge) ee 


aV 


_ b 
Vig = eR, 1. e T,(aV,)1,(aV,,)cos(wjtw,)t. 


Since the output amplitude is modulated with the inter- 


fering signal amplitude, I Cav.) represents the CM distor- 


Pron verm av the Ih frequency. 


All spurious responses are present at the output. The 


term 


“aV a - 
Poe eee 


oe eel ee wee 


+ 
cos (nu, tkw,tmw,, Vie 


palves= the IM products. 


T CoV, )1, Cav) I Cav.) 
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The most troublesome IM distortion is the third-order 
iM product, which is 


aV 
b z= i 
eR, I. e T, (aV,)1,(aV,) I, (av, )cos( wi t2w5tw,)t 


or 


aV 
b 
eR, I. e (av, )1)CaV5) 1, (aV,)cos (2, -wotw.)t. 


ling » is close to Ws Biarod—order TM distortions will 


“ways De present at the output even if a filter is used. 


RF and LO input signal isolation levels can be cal- 


culated by: 
av, 
aaa Ry e I, (aVj)I (aV,)I Ca¥) cosu, t 
and 
av, 
21. Rr, e I (aV,)I,(aV,)1, (av) cosw t. 


B. SINGLE-BALANCED MIXER 
Figure 2a is an equivalent circuit for Figure lb. Cur- 


rents through the diodes D. and D. are, respectively, 


i 2 
CV) 
i, =I, (e * * =) (II-5) 
iS] 
1 
(OL AW 
ieee (e © * <1) (116) 
ay 


Perfect balance can be obtained by using identical 


diodes. Therefore, 


af = I = I 
Sy So S 
a5 = a5 =a 
and W = V = V 
Dy Do b 





Wolpveres across Fue Gl0des are: 


Vv, = ee One es cote TV cosa. t Cli 7 ) 
and 
ig Vp)7V1Cosw t-Vicosw5ttV cosw,t : (II-8) 
Curren’ through the Load resistance is 
i> ty = te (II-9) 


Then, substituting equations (II-7) and (II-8) into 
equations (II-5) and (II-6), respectively, the result into 


equation (II-9) the following expression for iy, is obtained 


av, 
i. = Ie AI Cav, )I Cav.) 


L I (av, ) cosnw 1 


% 
Ne ee as 1 


FAT CoV, I Cav) I, CaV,) coskw i 


5 
Kel os: e 


co 


oie n=1,335,°° 


cos(nw,tkw,)t 


+4T (av, ) let ee 


Peo oe T CoV, ) 1, (oV5)* 


ral u 


 fOV5)T Cav, )cos (kw, tmw, )t 


Cc co a 
+4T Cav.) eI, Bos. mz1 T (av, JT, (ov J eos (nw, tmu)t 
ete eee age et neo a) Stevo) T Cov) 
2 or. kK=143:55 
+ + = 
cos (nw, tkw,tmw,)t : (II-10) 


Complete analysis is given in Appendix B. It is seen 
from equation (II-10), that in the single-balanced mixer 

Spurious responses due to even harmonics of the input sig- 
ieeatewcilmmiriabed. Pertect LO signal isolation is obtained 
and even harmonics of the RF signal are removed. Third-crder 
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iimatsvlOrci1on 15 reduced, since it appears only due to the 
Seas narmonics Of the input signal and even harmonics of the 
interference signal, or vice versa, but not both. 

Hic woul puUL. Voltage 


aV 
- b 
Vip = ee R, e Tj (aV5) 2, Ca¥, 1, (av, )cos(w, tw, )t 


monuwlce thac of the single diode mixer. Thus, conversion 


loss is improved by 6dB compared to the single diode mixer. 


C. DOUBLE-BALANCED MIXER 

he equivalent circuit for the double-balanced mixer 
is shown in Figure eb. The diodes are assumed to be match- 
ed, therefore, their parameters are identical and DC bias 
Wobvtates are mot needed. 

Cirreies sharough the GlLodes are 


av 


i, = Tye So) 
; oy 
oS Io(e -1), 
aV 
i, = I5(e =e 
and 
— 


where 


gf 
iH 


1 ee One cesue 


< 
H 


5 ae ee oe Cc OSa, & 


< 
| 


3 eee eae a COSt), © 


< 
i} 


y Vj, cosw tay cos 


1 5 Se a 


2 
end a. = i. = 1. + 1. - 1). 
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Weing the above equations the load current can be 


derived. The result is 


a 
is 7 fore) fore) : 
We) fo 2 1 355,-° m=1,375,-- M6") 1,C°¥)) 


+ 
cos(nw,tmw,)t 


TEE MONG) Tech 5)06)), oo eos Cn ale a Rea a 


iy 
8S OT a 


Fe y oy 
ree een G6.) m=143°5,°- Ink ?%7? 1, 6e¥ 5) 
n=2, Olt aL Saye pe 


Tf ,)cos (nw, tku,tmw,, )t 

Complete details are contained in Appendix C. 

In the double-balanced mixer spurious responses due to 
Piemeven Harmonics of both RF and LO signals are eliminated. 
Permeecr Ri and LO signal isolation is obtained, and IM pro- 
ducts are reduced, compared to the single-balanced and single 
diode mixers. 

The IF output voltage is twice that of the single-bal- 
anced mixer. Therefore, conversion loss is improved 6dB 


with respect to the single-balanced mixer and 12dB compared 


to the single diode mixer. 
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itech IMENTAG RESULTS 


Experimental work was performed to verify the theo- 
retical analysis and to make a comparison of the mixer 
bypes in Figure 1. The main consideration in the choice 
of the elements was to obtain minimum conversion loss with 
DPeeie port—-Lo-port isolation for the widest possible dynamic 


manee and bandwidth. 


A. CIRCUIT-BOARD DESIGN 

several different layouts were designed for the single- 
balanced and especially for the double-balanced mixers, with 
Figure 3 representing the finalized forms in one-to-one 
Seale, (he circuit—board design depends upon which ports 
Semecie wm xer Citrcuat are used as RF, LO, and IF. An initial 
layout for the double-balanced mixer was similar to Fig- 
feemwlc, OUG With RF, LO, IF connected to 9, 1, 7 respec- 
tively, and 4 grounded. Although this allowed for a more 
ryilmevrrcalelayout and (dB conversion loss, the RF isolation 
was a very poor 8dB. The circuit of Figure le yielded 36dB 
hee tTsOlavion With 9dB conversion loss. The difference of 
28dB RF isolation is due to unbalance in the output trans- 
former.  Ihis study proved that the better the symmetry in 
Circuit poarcd ys the lower the conversion loss. The ground 
SUL ipeS crossing through the board, used in the single-bal- 
anced Acre layouc, reduce Stray capacitances and result in 
a small change in conversion loss as the frequency is in- 


creased. The double-balanced mixer cannot take advantage 


Ig 





of these ground stripes and still benefit by short diode 
lead lengths and suffers a greater change in conversion 


loss with frequency. 


Bie TRANSFORMERS 

The transformers are wound on Micro-Metals, Type 
T 37-13 (50-120 MHz) and T 37 (100-200 MHz) powdered iron 
Peoeornds.. [he iniluence of the core material on mixer per- 
formance will be discussed later in this section. Coupling 
Beupween the wires directly affects the bandwidth of the 
ioeer. Thus, the windings must be as tight as possible. 
wits 1S accomplished by twisting the three wires together 
paoeclcmaoly winding them on the toroid. Twelve trifilar 
turns OL number 2? enameled wire are wound on each toroid, 
except for the transformer at the output of the single diode 
(iivecwe hee tollowinge diagram identifies the primary, sec- 


ondary, and center-tap leads: 


PRIMARY SECONDARY 


CENTER -— TAP 


A one-to-one transformer ratio is selected because of 
-ascwiImecONstwrucvulon. Ratios other than one-to-one will 
euleecp the Operaving point of the diodes due to reflected 
impedances (Reference 7) and will change the current 
through the diode. But it is shown in the theoretical an- 


aivVetemunewOouLbUG cUrrenl is the difference of diode currents 
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mom DOL balanced mixers, therefore, a transformation ratio 
other than one-to-one will result in only complicating the 
transformer design in terms of balance. Toroid choice be- 
Comes important in terms of conversion loss. This can be 
weaved by replacing the IT 3/-13 tozoids with T 37-O's and 
by observing the change in conversion loss. In the experi- 
ment this was conducted for the single-balanced mixer and 

a 5q€B increase in conversion loss was measured. Then by 
removing the output transformer, which requires inverting 
one of the diodes to obtain balance, about 2.5daB improve- 
ment in conversion loss was observed. Thus the quality of 
mie vero1ad 15 a major factor in conversion loss, since this 


bale ot change is appreciable. 


C. HOT-CARRIER DIODES 

Hewlett-Packard 5082-2815 (matched quad) hot-carrier 
Guedes are used in the double-balamced mixer as well as in 
the single diode and single-balanced mixers, so that the ef- 
fect of differences in diode parameters on mixer performance 
BeonamnZedw ) Ine advanvages of hot-carrier diodes were 


ven in Section I. 


IBY EXPERIMENT AND LIMITATIONS 

An experiment was conducted in 50 to 200 MHz range 
using the set-up in Figure 4 with the equipment indicated 
on the diagram. The reference generator was set to the 
30 MHz IF frequency and used to measure the output power of 


the mixer by the comparison method. Since the difference 


eal 





in RF and IF outputs gives the conversion loss, this infor- 
mation was also obtained. Isolation was measured in the 
same manner. 

Pimicineweliteouss tor the 150 Miz bandwidth are the 
layout and the toroids used. Table I shows that there is 
al1.i1 and 1.6dB difference in conversion loss between the 
theoretical and measured values for the single-balanced 
and double-balanced mixers. This difference varies irregu- 
larly in RF and LO teolation for ali mixer types. These 
differences are caused by stray capacitances (circuit—-boarda 
design effect) and by transformer losses (toroid effect). 
At frequencies out of the 50-200 MHz range losses increase 
apd ly . 

Piecwdynamre range ol a mixer is a function of LO power 
and IM and spurious responses. Due to the limited output of 
tiemolsnal seneratvors, the upper limit of the dynamic range 
was restricted to -l0dbm. The lower limit was -50dbm, set 


by the noise figure of the spectrum analyzer. 


BE. RESULTS AND COMPARISON 

Measured 50 Miz IF ouvput versus RF power plots are 
shown in Figure 5, 6, and 7 for the single diode, single- 
balanced and double-balanced mixers with 5, 0, and O dbm 
LO power respectively. Theoretical values are not shown on 
the figures but instead are given in Table 1 in order to 
compare the mixers that are tested. 

The difference in conversion loss between the theory 


and experiment for both balanced mixers was explained in 
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Seerror tid. Fer the single diode mixer this difference is 
peop Sreacer and is due to impedances reflected through the 
transformers to the diode loop. These impedances will de- 
erease the diode current, thus the output voltage and in- 
erease the conversion loss. Although the same effect is 
Meecsemosl Or scach Giode in both balanced mixers, the load 
euiren:, is the difference of the diode currents, thus is 
cancelled at the IF output. 

As indicated in Table 1, theoretical RF and LO isola- 
tions do not agree with the experiment. The eee of 
16dB RF isolation for both the single diode and single- 
SPeomicecauiixerauls aLuripured to the reflected impedance 
and transformer losses. The same argument is valid for 
the single dicde mixer LO isolation disagreement. For the 
single and double-balanced mixers perfect isolation is not 
Scmaievea due to the coupling effect of stray capacitances 
between the input and output ports. 

In the theoretical analysis it is shown that the out- 
Puce CUrrent 1S proportional to the LO voltage. Therefore, 
Ponvgerslom loss cepends upom the LO drive level -— the 
higher the LO voltage the lower the conversion loss (below 
the point where compression begins). This is demonstrated 
in Figure 8 by the measured values of conversion loss versus 
LO power for the double-balanced mixer. 

The double-balanced mixer is superior to the single- 
balanced and single diode mixers in conversion loss, RF and 


LOD tsolacion. Lower conversion loss also results in 4 


23 





wider dynamic range. Theory shows spurious responses due 
to the even harmonics of both RF and LO signals are elimi- 
mercasana 1M responses due vo the even harmonics of the 

LO signal are also eliminated in the double-balanced 
miuxer, although the third-order IM response is the same as 


in the single-balanced mixer. 


ay 





IV. CONCLUSION 


Peete wenedimtiney nie —InurOoductLon, mixer design becomes 
extremely important in high level signal environment in es-~ 
maolishimg receiver performance. Therefore, there is a need 
bo design mixers with the widest possible dynamic range, low 
Conversion loss, and minimum IM distortion and other spurious 
responses. 

In this study the theory for the single diode and single 
and double-balanced mixers was given in the presence of an 
interfering signal and it was shown that CM distortion can- 
Momepe cLiminated at the mixer stage, but for balanced mixers, 
IM and spurious responses can be reduced. It was also in- 
dicated that the conversion loss in the double-balanced 
mixer is improved 6dB compared to the single-balanced mixer 
and 12dB with respect to the single diode mixer. RF and LO 
isolations were found to be perfect for the double-balanced 
mixer, while for the single-balanced mixer they were 10dB 
and perfect, and for a single diode mixer were both 4dB. 

Close agreement with the theory and experiment was 
found for conversion loss in both balanced mixer configura- 
tions with the 6dB discrepancy in the single diode mixer 
case being explained by the reflected impedances. In all 
cases, RF and LO isolation disagreement with the theory and 
the experiment was found to be greater. The most likely 


explanation indicated stray capacitances, transformer losses, 
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Pramutioalanee Inethe Circuits. An increase in frequency 
@eecreased both RF and LO isolations and indicated that 
piewect Ol Stray Capacitances. 

Experiment also showed that the symmetry of the cir- 
€uit-—board and choice of the core material affects the 
performance in terms of conversion loss and isolations. 

Through both theory and experimental work it has been 
shown that the double-balanced mixer enjoys a better con- 
version loss which implies wider dynamic range together 
ieee ht and LO isolation and @ minimum number of spurious 
and IM responses, compared to the single diode and single- 
batanced mixer. 

Further study should be undertaken to examine IM dis- 
tortion in double-balanced mixers. Theoretical analysis 
shows that the third-order IM terms are the maximum ampli- 
tude IM products and restrict the dynamic range of the 
mixer. Measurements should be conducted and design im- 
provement techniques investigated in terms of IM product 
meaquction. 

pinece the measuring equipment used in this study 
severely limited the experimental evaluations, meaningful 
measurements can only be made by using a spectrum analyzer 
and signal generator which are not currently available 
commercially. The requirement on the analyzer of very low 
internally-generated spurious responses might be met by 
replacing its mixer with a hot-carrier diode double-bal- 


anced mixer. A "clean", relatively high-output signal 
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Pemeravor would probably necessitate the development of a 
Suitable Class A post-amplifier to boost the output of 


standard generators. 
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APPENDIX A: THEORETICAL ANALYSIS OF THE SINGLE DIODE MIXER 
Current through the diode is: 


i, = Meese Ais 
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b p p 


b I Z e 
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APPENDIX B: THEORETICAL ANALYSIS OF THE BALANCED MIXER 
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1 (@ 
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Replacing cosa*cosb = 4(atb) (A-4) 
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APPENDIX C: THEORETICAL ANALYSIS OF THE DOUBLE-BALANCED MIXER 
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